ABSTRACT. Angelica sinensis is a highly valued medicinal herb, known as female ginseng that is widely cultivated in China. Although A. sinensis is in great demand due to its multiple medicinal and food applications, its early bolting rate (almost 40%) seriously affects crop quality. To better understand its flowering mechanism, cDNA-amplified RFLP analysis was employed to look for gene expression differences between flower bud and shoot apical meristem tissues. Sixty-four primer sets were used, with each primer set amplified to 60 transcriptderived fragments. Some transcript-derived fragments were expressed only in the flower bud. After cloning, sequencing and a homology search, 46 distinct sequences were obtained; 26 of these were found to have homologous sequences in databases. These included transcaffeoyl-CoA 3-O-methyltransferase, 1-deoxy-d-xylulose 5-phosphate reductoisomerase, 15-cis-zeta-carotene isomerase, isoamylase, and calmodulin-binding protein. These genes are closely related to pollen germination and pollen tube growth, terpenoid backbone biosynthesis, and other metabolic pathways. Confirmation of differential expression 
INTRODUCTION
Angelica sinensis (Oliv.) Diels (Umbelliferae) is a world-renowned medicinal herb found in China (mainly in Gansu Province), Japan, and Korea. The radix of A. sinensis, called Danggui, is a popular tonic recorded as early as AD 25-225 in the book Shen Nong Ben Cao Jing during the Han Dynasty. It is recommended for the treatment of amenorrhea and dysmenorrhea, as an antiinflammatory agent in menstrual disorders, and as a hematopoietic and tonic, among other uses (Nanjing University of Chinese Medicine, 2006; Wang et al., 2007) . It is also a dietary supplement in Europe and America and a health food product for women in Asia (Yang et al., 2008) . Because of this wide variety of food and medicinal applications, demand for A. sinensis is increasing.
In Gansu Province where the herb originated, however, its quality has been seriously affected by its high early bolting rate, restricting its further development. Flowering affects the accumulation of medicinal compounds in A. sinensis, reducing its effectiveness as materia medica. Scientists have, therefore, begun to focus on the ecological factors involved in early bolting as well as the nutritional status of the plant itself (Lin and Qiu, 2007; Wang et al., 2007) rather than on specific molecular mechanisms. Currently, no effective methods for the control and prevention of this characteristic exist, although the intense demand for the plant presses for an urgent solution.
Through studies of Arabidopsis, rice, and other model plants, researchers have found that bolting is affected by gene expression and environmental factors. Four pathways affect flowering time: the photoperiod, vernalization, autonomous, and gibberellin pathways (Yanovsky and Kay, 2003; Komeda, 2004) . These pathways have not been yet studied in A. sinensis. Complementary DNA-amplified fragment length polymorphism (cDNA-AFLP) analysis with high reproducibility can be used to screen a large number of differentially expressed cDNAs systematically (Money et al., 1996; Habu et al., 1997; Milioni et al., 2002) . In the present study, cDNA-AFLP analysis was carried out to identify the differentially expressed genes in early bolting and normal A. sinensis. Several A number of candidate genes that might be involved in early bolting were identified.
MATERIAL AND METHODS

Plant materials
A. sinensis, a triennial medicinal plant, is characterized by early bolting, which frequently occurs in May. Thus, since 2004, and each year after this period, flower buds and sprout-shoot apical meristems were gathered from plants in Gansu Province.
RNA preparation and cDNA synthesis
Flower buds of early bolting plants, each approximately 0.5 cm, were harvested before full blooming together with sprout-shoot apical meristems from normal plants. The samples were frozen in liquid nitrogen and stored at -80°C. Total RNA was extracted from the plant materials using the Trizol extraction method (Invitrogen, USA). RNA integrity and quantity were determined by running 2 μL total RNA in a formamide denaturing gel. First-and second-strand cDNA synthesis was obtained using a Universal Riboclone cDNA Synthesis System (Promega, USA), according to manufacturer instructions. The resulting double-stranded cDNA was separated on agarose gel to check the sizes of the cDNA samples.
Preparation of the samples for cDNA-AFLP analysis
cDNA-AFLP was carried out according to the procedure of Habu et al. (1997) with minor modifications. Approximately 500 ng double-stranded cDNA was subjected to standard AFLP template production. The restriction enzymes used for the digestion of cDNA were MseI (10 U/ μL; Sangon, China) and EcoRI (10 U/μL; Sangon). The digested products were ligated to adapters with the following sequences: MseI adapter, 5'-GACGATGAGTCCTGAG-3' and 5'-TACTC AGGACTCAT-3'; EcoRI adapter, 5'-CTCGTAGACTGCGTACC-3' and 5'-AATTGGTACG CAGTC-3'. The ligated products were preamplified with the corresponding preamplification primers (MseI: 5'-GATGAGTCCTGAGTAA-3'; EcoRI: 5'-GACTGCGTACCAATTC-3'). Twenty cycles of preamplification were performed in a MyCycler PCR system (Bio-Rad, USA) as follows: 30 s at 94°C, 30 s at 56°C, and 1 min at 72°C. The final template was diluted 50-fold with sterile water in preparation for selective amplification.
cDNA-AFLP reactions and polyacrylamide gel electrophoresis of the selectively amplified products
Equal amounts of preamplified products were amplified using primers with selective nucleotides. The primers used for selective amplification were as follows: EcoRI+NN primer, 5'-GACTGCGTACCAATTCNN-3' and MseI+NN primer, 5'-GATGAGTCCTGAGTAANN-3', in which N could correspond to A, C, G, or T. The first cycle consisted of 30 s at 94°C, 30 s at 65°C, and 1 min at 72°C. For the next 13 cycles, the annealing temperature was reduced by 0.7°C per cycle. The final 23 cycles consisted of 30 s at 94°C, 30 s at 56°C, and 1 min at 72°C. Four sets of the EcoRI primer and 16 sets of the MseI primer were combined to give a total of 64 primer pair combinations. For high-throughput analysis of differentially expressed transcriptderived fragments (TDFs), the polymerase chain reaction (PCR) products were separated on denaturing 6% polyacrylamide gels. The differentially amplified bands were cut directly from the gels on the basis of the scanned image.
TDF isolation and reamplification
The polymorphic TDFs identified based on presence and expressed at higher levels in the flower buds were cut from the denaturing 6% polyacrylamide gel. They were initially eluted in 50 μL sterile double-distilled water at 95°C for 15 min, and then hydrated overnight at 4°C.
Two microliters of the aliquot was used for reamplification to a total volume of 20 μL with the same set of corresponding selective primers and PCR conditions as those used for selective amplification except that an annealing temperature of 56°C, 35 cycles, and a final 5-min extension were used. The PCR products were resolved on a 1.5% 1X Tris-acetate ethylenediaminetetraacetic acid-agarose gel, and each single band was isolated and eluted using a Takara gel extraction kit (Takara, Japan). The eluted TDFs were cloned into a plasmid PMD-Early bolting Angelica sinensis gene expression changes 18T vector (Sangon) following the manufacturer protocol.
Sequence analysis
Five colonies were selected for the sequencing analysis of each TDF. Sequencing was carried out using an automated sequencer. The sequences of the TDFs were analyzed for their homology against nonredundant genes, expressed sequence tags (ESTs), or transcripts in public databases (http://www.ncbi.nlm.nih.gov/BLAST, http://www.arabidopsis.org/cgibin/fasta/nph-TAIRfasta.pl, and http://www.shigen.nig.ac.jp/rice/oryzabase/blast) using the BLASTN and BLASTX algorithms (Altschul et al., 1997) . The homologous sequences were further analyzed in databases (http://www.genome.jp/kegg/ and http://www.geneontology. org/) to understand their function more fully.
Semi-quantitative reverse transcription PCR (sqRT-PCR)
sqRT-PCR was carried out on 2 μg total RNA using a two-step RT-PCR kit (Takara, Japan) according to manufacturer instructions. Primers were designed from the sequences of the TDFs using a Primer 3.0 web resource (http://frodo.wi.mit.edu/). Total RNA was used as the internal standard in the RT-PCR for checking the quality of the RNA template. PCR conditions were essentially the same as those described earlier for the reamplification of the TDFs. To obtain reproducibility of results, we repeated the sqRT-PCR analysis three times.
RESULTS
cDNA-AFLP fingerprinting
A total of 64 primer combinations (Table 1) were selected for cDNA-AFLP. On average, 60 clear and unambiguous bands (TDFs) were generated with each primer combination. Although most combinations of primers produced identical patterns, some TDFs were expressed at a higher level in the flower bud (Figure 1) . This difference implied that minor changes in gene expression could account for the phenotypes of early bolting observed in A. sinensis. These differentially expressed TDFs were successfully recovered from the denaturing polyacrylamide gels for further analysis. Table 1 . ZT = flower bud; ZC = shoot apical meristem.
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Identification of differentially expressed cDNA clones
The recovered TDFs were reamplified with the original primer sets used for cDNA-AFLP analysis and examined on 1.5% agarose gels. The expected sizes ranged from 151 to 695 bp. After the isolated TDFs were cloned, five colonies were selected and sequenced for each TDF, generating 42 distinct nucleotide sequences. The sequences were then subjected to homology searches using BLAST against the databases, whereby 26 sequences with lower evalue were obtained (Table 2 ). In addition, some sequences did not result in any hits, possibly as a result of poor knowledge of the A. sinensis genome.
Confirmation of differentially expressed fragments using sqRT-PCR
Among the 26 sequences with lower e-values, 10 sequences were found with clear functions and a close relationship to bolting. Their expressions were analyzed using sqRT-PCR with the primer pairs listed in Table 3 . The results showed that they were expressed at a higher level in early bolting A. sinensis (Figure 2 Table 2 . Nucleotide homology of the transcript-derived fragments with known gene sequences in the database using BLASTN algorithm along with their expression patterns.
TDF clone Forward primer (5'-3') Reverse primer (5'-3') A203 -1  GCTCGAAGTCCGAATGAATC  ACTGCCCATGCGAAGATAAC  A210  ACGCCTTGATCTTTGCAAGT  TGTAACTGGTTTCCCCCTTG  A214-1  AAATCCAGCCAACCTCCTCT  CCAATCAAGCTGCACTGTGT  A310  GCACTTTTCAAATTGGGTCAA  GCGTGATTGGTATGTGCATC  A314-1  GTTGGCTGTTTTGGAAGCTG  ACAACCAACATGTGCACGAC  A361-1  CCCCTCCCCCTCTGTATAGT  TGGATTTGTGGCTTTGATGA  A327-1  TTTTGGCGTGATATGTTTTGT  TGGCAAAAATGTCATGAACC  A351-1  CGGATACGACGTTTTCTGAAG  ATTTTGATTCCACGCAGCTT  A242-1  TCCTTGCAAAACGAGCTTCT  TATTCAACCACCCCTTCTCC  A238-1 TGGCATCTGTGGGAATTACA AGGTCCCGGAAGATCTGAAC Table 3 . Sequences of the primers used for semi-quantitative reverse transcription polymerase chain reaction.
DISCUSSION
cDNA-AFLP, a variation of AFLP derived from RNA fingerprint identification technology, has already become a sophisticated research tool for identifying gene expression differences. In this study, cDNA-AFLP was used to compare the gene expression profiles of flower buds and shoot apical meristems. Twenty-six sequences were obtained, and some might be involved in the control of early bolting. We focused on sequences that were identified to be trans-caffeoyl-coenzyme A (CoA) 3-O-methyltransferase, 1-deoxy-d-xylulose 5-phosphate reductoisomerase, 15-cis-zeta-carotene isomerase, isoamylase, nicotinamide adenine dinucleotide (NAD) kinase, galactose oxidase, calmodulin-binding protein (CaM), and transposable element gene. In all cases, these genes were involved in cellular pathways leading to bolting.
TDF A210, shown in Table 2 , is homologous to 1-deoxy-d-xylulose 5-phosphate reductoisomerase, which is related to terpenoid backbone biosynthesis. 1-Deoxy-d-xylulose 5-phosphate reductoisomerase catalyzes the biosynthesis of isoprene, zeatin, monoterpenoid, diterpenoid, carotenoid, porphyrin, chlorophyll, N-glycan, steroids, sesquiterpenoid ubiquinone, and other terpenoid quinones. The hormone zeatin affects plant bolting; zeatin is markedly more effective than kinetin and 6-(3-methylbut-2-enyl) aminopurine in promoting frond expansion and increasing frond number of Spirodela oligorrhiza cultures grown under continuous illumination (Letham, 1967) . The hormone gibberellin is a derivative of diterpenoid that plays a central role in modulating diverse processes throughout plant development. Gibberellins are hormones that control growth and a wide variety of plant developmental processes. The gibberellin pathway is one of the four key pathways that affect flowering (Sun and Gubler, 2004) .
A242-1 is homologous to calmodulin-binding protein, which is related to CaM. CaM is a ubiquitous multifunctional calcium sensor in all eukaryotes that mediates calcium action by regulating the activity/function of many unrelated proteins. Calcium and CaM are known to play a crucial role in pollen germination and pollen tube growth (Golovkin and Reddy, 2003) .
A238-1 is homologous to the ATP binding cassette (ABC) superfamily, which is a large, ubiquitous, and diverse group of proteins, most of which mediate transport across biological membranes. Sequences of more than 20 plant ABC proteins have been published, and include homologs of P-glycoprotein, multidrug resistance-associated protein and organellar transporters. Recent results indicate that the function of this protein family is not restricted to detoxification processes. Plant ABC transporters have been demonstrated to participate in chlorophyll biosynthesis, formation of Fe/S clusters, stomatal movement, and probably ion fluxes; hence, they may play a central role in plant growth and development (Sidler et al., 1998; Møller et al., 2001) .
TDF A203-1 is matched with trans-caffeoyl-CoA 3-O-methyltransferase, which is related to metabolic pathways, biosynthesis of secondary metabolites such as flavonoid phenylpropanoid, and phenylalanine metabolism. Homoeriodictyol, capsaicin, syringin, coniferin, guaiacyl lignin, and syringyl lignin are all related to trans-caffeoyl-CoA 3-O-methyltransferase. TDF A310 is homologous to 15-cis-zeta-carotene isomerase, which is related to the metabolic pathways and biosynthesis of secondary metabolites such as carotenoids. TDF A327-1 is homologous to NAD kinase 2, which encodes a protein with NAD kinase activity. A314-1 is homologous to galactose oxidase.
As summarized in Table 2 , the early bolting of A. sinensis might be related to pollen germination and pollen tube growth, terpenoid backbone biosynthesis, metabolic pathways, biosynthesis of secondary metabolites, and transposable elements. The differentially expressed genes obtained in this study should help to elucidate the molecular basis of early bolting in A. sinensis and identify genes that could be targeted to prevent early bolting and increase A. sinensis production.
